Gastroenteritis, arthralgaia and myalgia are frequently associated with influenza virus infections in humans.
SUMMARY:
Gastroenteritis, arthralgaia and myalgia are frequently associated with influenza virus infections in humans.
One explanation for these symptoms may be extrarespiratory transmission of virus by peripheral blood mononuclear cells (PBMC). We tried to detect genomic viral RNA of the nucleoprotein (NP) and H3 subtype hemagglutinin (HA) genes by the method of RT-PCR in PBMC of 18 children aged 1-14 who sufferred from an influenza outbreak in the Kansai district of Japan between December 1992 and February 1993 . Three of the 18 samples were RT-PCR positive.
The NP gene sequence observed in one patient's PBMC was identical to that obtained from his throat swab fluid. The HA gene sequences observed in the two other PBMC differed from those of RT-PCR-amplified DNA from throat swabs by an order of 3-9 nucleotides.
We believe these results suggest the presence of a PBMC-associated virus.
Extrarespiratory symptoms frequently associated with influenza virus infection include gastroenteritis, arthralgia and myalgia. One possible explanation for these features is the spread of virus from inflammatory sites in the upper respiratory tract to other organs. Indeed, early studies reported that virus had been found in the blood of a few cases of patients with fatal influenza pneumonia (1,2).
Kaji et al. (3) have provided evidence of extrarespiratory infection by isolating a small amount of virus in autopsies from three influenza-related deaths. Others have demonstrated that virus could be recovered from the blood during the early asymptomatic but not the symptomatic stage (4, 5) . Subsequent research, however, has been unable to confirm these earlier findings (6) . We think this failure may have resulted from the presence of serum inhibitors in patient blood as well as from the use of less sensitive methods. Accordingly, in the present study, we used the RT-PCR method, which is not affected by serum inhibitors and more sensitive than virus isolation. We tried to detect two influenza viral RNAs (NP and HA genes) in the peripheral blood mononuclear cells (PBMC) of patients of the 1992-93 influenza epidemic in the Kansai district of Japan. PBMC were examined instead of whole blood to exclude the effect of the hem compound, which is regarded as an inhibitor of the PCR reaction (7) . In addition, the sequence of viral RNA obtained from PBMC was compared with that of the virus isolated from autologous throat swabs.
Two nested pairs of oligonucleotide primers for the NP and HA genes were synthesized on a CycloneTM Plus DNA synthesizer (Milligen/Biosearch, Burlington, MA). Table I shows the nucleotide sequences and location of the primers of the NP and HA genes used for cDNA synthesis and PCR amplification. Selection of the NP gene primers was based on highly conserved nucleotide sequences among known NP genes. Selection of the HA gene primers was based on conserved subtype H3 sequences that were not present in the H1 or H2 subtype (8).
Viral RNA was extracted from PBMC and throat swab fluids by a modification of the technique described by Chomzynski and Sacchi (9 the convalescent stage. The results of the virus isolation together with the increased HI titers confirmed the influenza H3 subtype infection in 14 of the 18 patients. Only patients 1, 2, 4 and 10 were unconfirmed by these techniques .
When PBMC were analyzed for the presence of the influenza NP gene , only one of the 18 cases was positive (Table II, the patients 3 and the mixed sampels of patients 8 and 9 , which were inadvertently pooled (Table II) . There were no specific symptoms common to RT-PCRpositive patients. Moreover, neither NP nor HA gene was detected in the PBMCs of convalscent patients; patients 1, 3, 8 and 9 (data not shown) . To further characterize the RT-PCR products of the positive samples , the nucleotide sequences of amplified DNA from PBMC and throat swabs were determined and compared. Amplified PCR products were separated on 1% Seakem agarose gels (FMC Bioproducts, Rockland, ME) and DNA fragments of the expected sizes were purified on a glass matrix (Band Prep Kit, Pharamacia P-L Biochemicals, Uppsala, Sweden), and directly cloned into a vector pUC 18 with a Pharmacia Sure Clone Ligation Kit (Pharmacia P-L Biochemicals) . The cloned DNAs were sequenced with an SQ-3000 DNA sequencer (Hitachi , Tokyo). The final sequences were derived from the consensus sequence obtained from the fourto-five clones analyzed.
For patient 1, the NP amplified sequence in PBMC was identical to that in the throat swab (data not shown). In patient 3, the HA amplified sequence from PBMC differed from that of the throat swab by three nucleotides (Table III) . For patients 8 and 9, amplified DNA from the throat swabs varied by 3 nucleotides from each other and by six or nine nucleotides from their inadvertently pooled PBMCs (Table III) . Because of the inadvertent pooling of blood samples from patients 8 and 9, it is unclear whether the difference was actually six or nine nucleotides. Early studies suggest that influenza virus can be isolated from the blood of patients with severe pneumonia (1-3), or from that of patients in the asymptomatic phase (4, 5) . Our findings suggest that at least of influenza patients, whose infection is probably limited to the upper respiratory tract, have traces of PBMC-associated virus in the symptomatic phase.
